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Introduction:  Congenital  tarsal  coalition  resection  in  adolescents  may  be hindered  by the  complex  three-
dimensional  anatomy  of  the  talocalcaneal  joint.  Peroperative  ﬂuoroscopy  is  not greatly  contributive,
especially  for  talocalcaneal  coalition.
Hypothesis:  3D  planning  and patient-speciﬁc  instruments  facilitate  the procedure.
Materials  and  methods:  A made-to-measure  surgical  guide  (patient-speciﬁc  instrument)  was  used  in  9
consecutive  patients  for  tarsal  coalition  resection  (7  talocalcaneal  and 2  calcaneonavicular  coalitions).  The
guide  was  created  by  3D  modeling  from  the  CT  scan  of the  foot.  Placed  on  the  bone  surface,  it  oriented
the  saw  blade  to resect  the bone  bridge  at the  appropriate  depth.  A  fascia  lata  allograft  was  interposed.
Complete  resection  and  absence  of  recurrence  were  checked  on postoperative  CT in talocalcaneal  and  on
radiography  in calcaneonavicular  coalitions.
Results:  Resection  was  complete  in  all cases,  with  no  recurrence  at last  follow-up.
Discussion:  This  technique  makes  tarsal coalition  resection  easier  and  more  reliable  and  may  be recom-
mended  to  improve  precision.
Level  of evidence:  Level  IV, prospective  study  of a new  surgical  technique.
© 2014  Published  by Elsevier  Masson  SAS.. Introduction
Tarsal coalition or congenital tarsal synostosis is characterized
y an abnormal bone, cartilage or ﬁbrous junction between 2 or
ore hind- and/or midfoot bones. It is frequent, with an incidence
f about 1% of the general population [1,2]. Talocalcaneal and cal-
aneonavicular coalitions are the most frequent forms [3]. There is
robably male predominance [4], and some studies have reported
 hereditary factor [5,6]. Tarsal coalition is bilateral in 50% of cases
7].
It is a frequent cause of foot and ankle pain, with onset during
he second decade of life or sometimes in adulthood. It impairs
ubtalar motion (inversion and eversion) and may  induce iterative
nkle sprain, ﬂatfoot and tarsal tunnel syndrome [1,6].
∗ Corresponding author at: Cliniques Universitaires Saint-Luc, Service de Chirurgie
rthopédique et Traumatologique, avenue Hippocrate 10, 1200 Brussels, Belgium.
el.: +32/2/764.29.56.
E-mail address: pierre-louis.docquier@uclouvain.be (P.-L. Docquier).
http://dx.doi.org/10.1016/j.otsr.2014.02.009
877-0568/© 2014 Published by Elsevier Masson SAS.Diagnosis is founded on X-ray for calcaneonavicular coali-
tion (AP, oblique and lateral views), and CT for talocalcaneal
coalition. Several indirect signs have been described [8]. In talo-
calcaneal coalition, possible signs are the “talar beak” (broadened
anterosuperior part of the talar neck) and the “C sign” (con-
tinuous cortical contour from medial talus to sustentaculum
tali). In calcaneonavicular coalition, the “anteater nose” sign
corresponds to a lengthened and broadened anterior calcaneal pro-
cess.
The present study reports an original tarsal coalition resection
technique using a patient-speciﬁc instrument (PSI) and assesses its
contribution to surgery.
2. Material and methods2.1. Series
Nine consecutive patients presenting with talar coalition under-
went PSI-assisted surgical resection after failure of conservative
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reatment: i.e., pain persisting after at least 6 months’ use of insoles
nd abstention from sport. Table 1 presents clinical data. There
ere 7 talocalcaneal and 2 calcaneonavicular coalitions. Two were
ases of recurrence after primary resection (1 talocalcaneal and 1
alcaneonavicular). Weight-bearing ankle radiographs showed no
able 1
linical data and results for the nine patients.
Cases Sex Ages at surgery
(years)
Sides Types Preoperative symptoms Preoper
AOFAS
score
Case 1 F 16 L TC Pain in walking, ankle
sprain
68 
Case  2 M 12 L TC Pain in walking 68 
Case  3 M 11 R TC Pain in sport 81 
Case  4 M 13 R TC Pain in walking 68 
Case  5 F 11 L CN Pain in walking 48 
Case  6 F 12 R TC Pain in walking 68 
Case  7 M 16 L TC Pain in walking, ankle
sprain
68 
Case  8 M 16 L TC Pain in walking 68 
Case  9 F 21 L CN Recurrence of pain in
walking after primary
resection
79 
: female; M;  male; R: right; L: left; TC: talocalcaneal; CN; calcaneonavicular.
ig. 1. Eleven-year-old boy. A. Preoperative CT scan of the right foot (coronal slices) show
btained by rapid prototyping. D and E. Acrylic-PMMA patient-speciﬁc instrument mold
he  sustentaculum tali, and guide positioning on bone surface. G. Peroperative image: re
mage:  interposition of fascia lata allograft after resection of the coalition. I. Postoperativey: Surgery & Research 100 (2014) 423–427
signiﬁcant valgus. Hindfoot range of motion was assessed clinically,
with the patient prone, knee in ﬂexion. The examiner stabilized the
ankle with one hand and induced calcaneal inversion-eversion with
the other. All patients were assessed preoperatively on AOFAS score
[9] (Table 1).
ative Follow-up
(months)
Postoperative
imaging
Postoperative imaging
at last follow-up
Postoperative
AOFAS score
14 Complete
resection
No recurrence 87
16 Complete
resection
No recurrence 97
23 Complete
resection
No recurrence 87
12 Complete
resection
No recurrence 97
14 Complete
resection
No recurrence 87
16 Complete
resection
No recurrence 97
15 Complete
resection
No recurrence 87
14 Complete
resection
No recurrence 97
37 Complete
resection
No recurrence 94
ing the talocalcaneal coalition. B. 3D-preoperative reconstruction. C. Plaster model
ed on the plaster foot model. F. Peroperative image: medial approach centered on
section of the coalition by introducing the saw blade in the guide. H. Peroperative
 CT scan showing a complete resection.
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.2. Preoperative planning and PSI
Systematic preoperative CT of the coalition was performed on a
hilips ICT 256 Scanner, with 0.9 mm slices every 0.3 mm.  3D recon-
truction used Mimics software (Materialise, Leuven, Belgium).
For the ﬁrst patients, a plaster model of the foot was  produced by
apid prototyping from the CT scan (Figs. 1 and 2). An acrylic and
olymethyl-methacrylate PSI was then molded from the plaster
odel.
In later patients, the model was created by 3D modeling rather
han prototyping; the PSI was created virtually, then prototyped,
ig. 2. Twenty-one-year-old woman. A. Standard radiograph: oblique view of the left foo
orsal  view. C. Preoperative 3D CT reconstruction: plantar view. D. Acrylic-PMMA patient
mage:  anterolateral approach forward of the tarsal sinus and guide positioning on bone s
he  calcaneonavicular coalition.y: Surgery & Research 100 (2014) 423–427 425
comprising one reusable standardized titanium component and a
second patient-speciﬁc polyamide component (Fig. 3). Planning,
design and production costs for the made-to-measure PSI were
around D800.
2.3. Surgical techniqueThe patient was positioned in dorsal decubitus, with a pneu-
matic tourniquet to the thigh. In talocalcaneal coalition, the
approach was  medial, with an incision over the sustentaculum
tali. The posterior tibial and ﬂexor hallucis longus tendons were
t: recurrence of calcaneonavicular coalition. B. Preoperative 3D CT reconstruction:
-speciﬁc instrument molded on the prototyped plaster foot model. E. Peroperative
urface. F. Standard radiograph: oblique view of the left foot: complete resection of
426 S. de Wouters et al. / Orthopaedics & Traumatology: Surgery & Research 100 (2014) 423–427
Fig. 3. A. Bi-material guide: a reusable standardized component in titanium and a patient-speciﬁc polyamide component obtained by rapid prototyping. The titanium
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component alone is in contact with the K-wire and saw blade and prevents their co
he  virtual guide on the virtual bone surface. C. Peroperative image: patient-speciﬁ
eclined respectively forward and backward to expose the bone
ridge (Fig. 1). In calcaneonavicular coalition, the incision was
nterolateral, forwards of the sinus tarsi; the extensor digitorum
revis muscle was reclined distally, exposing the coalition (Fig. 2).
he PSI (sterilized on the eve of surgery) was positioned on the bone
urface, having been designed so as to give a perfect ﬁt in a single
ossible position. It was ﬁxed using two K-wires to ensure stability,
nd could then guide the direction of the saw blade. It was  further
esigned to ensure correct resection depth, the blade being intro-
uced fully into the PSI so as to reach but not damage the healthy
ubtalar joint.
To reduce recurrence risk, a frozen fascia lata allograft, provided
y our center’s tissue bank, was thawed in physiological saline,
lus rifampicin to reduce infection risk, then folded several times
efore positioning, to obtain a “concertina” effect under talocal-
aneal movement. At end of surgery, the capsular and tendinous
lanes were carefully closed.
.4. Postoperative care
Walking was systematically resumed as soon as pain allowed.
hysical therapy for mid- and hindfoot mobilization was initiated
t 1 week. Sport was authorized at 6 months. Systematic postoper-
tive imaging assessed complete resection and non-recurrence, on
T for talocalcaneal (Fig. 1) and plain X-ray for calcaneonavicular
oalition (Fig. 2). Systematic clinical assessment was performed by
ostoperative AOFAS score [9] (Table 1).
. Results
Mean follow-up was 17.9 months, with a minimum of
2 months. Table 1 shows results in the 9 patients. There were
o postoperative complications, and notably no allograft infec-
ion. The planned correction was systematically achieved, with
o recurrence on CT at last follow-up. Five of the 9 patients had
xcellent results, with AOFAS score > 90, and 4 satisfactory results
AOFAS > 80).
All patients reported alleviation of presenting symptoms and all
eturned to sport. Improved hindfoot mobility was  found system-
tically on clinical examination.
. Discussion
Surgery is indicated only in symptomatic tarsal coalition resis-
ant to conservative management. One attitude is triple arthrodesis
talocalcaneal, talonavicular and calcaneocuboid) [7,10,11], but
ong-term follow-up has found onset of secondary tibiotarsal
steoarthritis in 58% to 77% of cases [12–14]. An alternative of
hoice consists in resecting the synostosis, providing good results innating the soft tissue with polyamide debris. B. Preoperative planning: positioning
ument positioned on bone surface and ﬁxed by 2 K-wires.
terms of pain alleviation and prevention of osteoarthritis [15–18],
although not in all reports. It is not always straightforward dur-
ing actual surgery to determine precise location and orient the
saw blade for bone bridge resection, and it is also difﬁcult to
stop before involving the healthy talocalcaneal joint. Fluoroscopy
is often poorly contributive. Arthroscopic resection has also been
reported [19,20], but involves a long learning curve [21], longer
operating time [18], risk of posterior tibial pedicle neurovascular
lesion [22] and difﬁculty in positioning material [23].
We therefore suggest the present original technique of resection
guided by a patient-speciﬁc instrument created by 3D CT-based
modeling of the coalition. The guide is made-to-measure and per-
fectly ﬁts the synostosis, enabling excellent resection precision:
the PSI determines resection angle and depth. The technique thus
enhances surgical precision, avoiding deviation and over-resection.
Producing such PSIs does not increase indications for resection,
but increases procedural precision. Interposition material is still
required, to avoid recurrence. Other materials than fascia lata have
been reported, such as muscle or fat; we  prefer fascia lata, for its
mechanical resistance, and the possibility it offers of concertina
folding and cutting to measure.
The present coalition resection technique is reserved to feet
that are well-aligned or only slightly in valgus; more severe valgus
requires other techniques, such as triple arthrodesis or coalition
resection associated to lengthening of the great apophysis of the
calcaneus [24].
The technique has other advantages: shorter surgery time and
a smaller surgical approach. Drawbacks include the time needed to
produce the PSI (about 1 week), its extra cost and the necessity of CT
scanning. The technique has evolved, as seen in the 2 types of guide
used during the present study. The “molded” acrylic/PMMA model
had the drawback of bulkiness. The more recent “bi-material”
designs are smaller; the titanium component is standardized and
reusable, while the polyamide component is made-to-measure by
rapid prototyping; there is metal-metal contact between the guide
and the K-wires and saw blade, avoiding soft tissue contamination
by polyamide debris.
In conclusion, tarsal coalition resection using patient-speciﬁc
instrumentation gave good results, with systematic alleviation of
presenting symptoms and increased range of hindfoot motion.
Resection was  systematically complete, with no recurrence. This
original technique makes tarsal coalition resection easier and more
reliable, and may  be recommended as a useful aid to improve pre-
cision in this type of resection.Disclosure of interest
The authors declare that they have no conﬂicts of interest con-
cerning this article.
atolog
R
[
[
[
[
[
[
[
[
[
[
[
[
[S. de Wouters et al. / Orthopaedics & Traum
eferences
[1] Varner KE, Michelson JD. Tarsal coalition in adults. Foot Ankle Int
2000;21:669–72.
[2] Stormont DM,  Peterson HA. The relative incidence of tarsal coalition. Clin
Orthop Relat Res 1983;181:28–36.
[3] Newman JS, Newberg AH. Congenital tarsal coalition: multimodality evaluation
with emphasis on CT and MR imaging. Radiographics 2000;20:321–32.
[4] Perlman MD,  Wertheimer SJ. Tarsal coalitions. J Foot Surg 1986;25:58–67.
[5] Leonard MA.  The inheritance of tarsal coalition and its relationship to spastic
ﬂatfoot. J Bone Joint Surg Br 1974;56:520–6.
[6] Vincent KA. Tarsal coalition and painful ﬂatfoot. J Am Acad Orthop Surg
1998;6:274–81.
[7] Mosier KM,  Asher M.  Tarsal coalitions and peroneal spastic ﬂatfoot. A review. J
Bone Joint Surg Am 1984;66:976–84.
[8] Crim JR, Kjeldsberg KM.  Radiographic diagnosis of tarsal coalition. AJR
2004;182:322–8.
[9] Kitoaka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson MS,  Sanders M. Clini-
cal  rating systems for the ankle-hindfoot, midfoot, hallux, and lesser toes. Foot
Ankle Int 1994;15:349–53.
10] Mann RA, Baumgarten M.  Subtalar fusion for isolated subtalar disorders. Pre-
liminary report. Clin Orthop Relat Res 1988;226:260–5.
11] Mann RA, Beaman DN, Horton GA. Isolated subtalar arthrodesis. Foot Ankle Int
1998;19:511–9.
12] Southwell RB, Sherman FC. Triple arthrodesis: a long-term study with force
plate analysis. Foot Ankle 1981;2:15–24.
[
[y: Surgery & Research 100 (2014) 423–427 427
13] Pell 4th RF, Myerson MS,  Schon LC. Clinical outcome after primary triple
arthrodesis. J Bone Joint Surg Am 2000;82:47–57.
14] Wetmore RS, Drennan JC. Long-term results of triple arthrodesis in Charcot-
Marie-Tooth disease. J Bone Joint Surg Am 1989;71:417–22.
15] Cohen BE, Davis WH,  Anderson RB. Success of calcaneonavicular coalition resec-
tion  in the adult population. Foot Ankle Int 1996;17:569–72.
16] Comfort TK, Johnson LO. Resection for symptomatic talocalcaneal coalition. J
Pediatr Orthop 1998;18:283–8.
17] Inglis G, Buxton RA, Macnicol MF. Symptomatic calcaneonavicular bars. The
results 20 years after surgical excision. J Bone Joint Surg Br 1986;68:128–31.
18] Wilde PH, Torode IP, Dickens DR, Cole WG.  Resection for symptomatic talocal-
caneal coalition. J Bone Joint Surg Br 1994;76:797–801.
19] Bonasia DE, Phisitkul P, Saltzman CL, Barg A, Amendola A. Arthroscopic resec-
tion of talocalcaneal coalitions. Arthroscopy 2011;27:430–5.
20] Knörr J, Accadbled F, Abid A, Darodes P, Torres A, Cahuzac JP, et al. Arthroscopic
treatment of calcaneonavicular coalition in children. Orthop Traumatol Surg
Res 2011;97:565–8.
21] Lui TH, Chan LK, Chan KB. Medial subtalar arthroscopy: a cadaveric study of the
tarsalcanal portal. Knee Surg Sports Traumatol Arthrosc 2013;21:1279–82.
22] Jagodzinski NA, Hughes A, Davis NP, Butler M,  Winson IG, Parsons SW.  Arthro-
scopic resection of talocalcaneal coalitions – a bicentre case series of a new
technique. Foot Ankle Surg 2013;19:125–30.
23] Lui TH. Medial subtalar arthroscopy. Foot Ankle Int 2012;33:1018–23.
24] Mosca VS, Bevan WP.  Talocalcaneal tarsal coalitions and the calcaneal length-
ening osteotomy: the role of deformity correction. J Bone Joint Surg Am
2012;94:1584–94.
